Introduction
Following encouraging initial results in the Yilgarn Craton (Champion and Cassidy, 2008) , Geoscience Australia undertook a national campaign to map variations in Nd model ages calculated from Sm-Nd isotopic data from granites, resulting in the first continental-scale isotopic map (Champion, 2013) in the world. This map and the original Yilgarn map indicated that gradients in isotopic data commonly overlap the locations of major crustal boundaries identified using independent geological and/or geophysical data, and, more importantly, the isotopic data could be used at the province-scale to target prospective regions for a range of mineral deposit types.
Following the initial results from Nd isotopes, Pb isotope data from ore minerals in deposits of the Eastern Goldfields Superterrane in the Yilgarn Craton were compiled and maps were made showing variations in parameters derived from the Pb isotope data. These maps showed similarities to the preexisting Nd model age maps (Huston et al., 2014) , so a second campaign of isotopic mapping was initiated. This resulted in the production of Pb-based isotopic maps initially of southeastern Australia (Huston et al., 2016) and then for the entire Tasman Element (Huston et al., 2017) .
As part of the Exploring for the Future program, Geoscience Australia is currently extending the Pb isotope maps to cover the entire Australian continent with a focus on northern Australia. This process involves collation of existing data from the literature and other sources coupled with collection and analysis of new samples. The maps that accompany this report are based on data from the literature and initial analyses acquired as part of this study; additional samples are currently being analysed and will be included in the maps in future updates. These maps can be used to infer isotopic and geochemical characteristics of crust from which the Pb was derived during mineralisation, as discussed below.
Pb isotope systematics
The abundances of radiogenic isotopes of Pb increase over time due to the decay of 238 U (to 206 Pb), 235 U (to 207 Pb) and 232 U (to 208 Pb). Lead isotopes range in mass number from 178 to 218; of these mass numbers, only four are stable, the two uranogenic isotopes ( 206 Pb, 207 Pb), the thorogenic isotope ( 208 Pb) and 204 Pb (e.g., Faure, 1986) . To chart the changes in abundances of the radiogenic isotopes, Pb isotope data are generally reported as ratios of the radiogenic isotope to primordial, non-radiogenic 204 Pb. Th/ 204 Pb (ω) ratios of the Pb source at the time of Pb extraction and mineralisation. To successfully calculate these parameters an initial Pb composition, at some fixed time in the past, must be assumed for all samples, typically based on one of a number of global Pb isotope evolution curves (e.g. Stacey and Kramers, 1975; Cumming and Richards, 1975) . The calculated μ, κ and ω then provide a model representation of the Pb isotope characteristics of the upper crust in the region of the deposit. Unless subsequently modified these parameters can be assumed to represent modern day values. This allows direct comparison between deposits of different ages and makes possible the construction of interpolated grids, based on the μ, κ and ω parameters. It must be stressed that both different evolution models and different starting points in these models will give different values of μ, κ and ω, therefore, evolution models should not be mixed when calculating these parameters.
Selection of Pb isotope analyses
Many mineral deposits have multiple (in some cases well over a hundred) Pb isotope analyses. However, to construct the images in this record, we have used one analysis per deposit/locality. Selection of this analysis for each deposit was based upon three preferences: (1) for initial Pb isotope ratios, (2) for least radiogenic analyses, and (3) for high-precision analyses.
Initial ratios are those that characterise the deposit and source region at the time of mineralisation. If an analysed sample contained significant uranium and thorium relative to Pb at the time of mineralisation, radiogenic decay of these elements following mineralisation (i.e. ingrowth) will increase the concentrations of 206 Pb, 207 Pb and 208 Pb and modify initial ratios, that is, the measured ratios do not reflect the initial ratios. For best estimates of initial ratios, therefore, it is simplest to analyse samples with low concentrations of uranium and thorium relative to Pb, for example galena, where measured ratios are effectively the initial ratios. Empirically (and conservatively) we have found, as a general rule, that samples with over 1000 ppm Pb generally preserve the initial ratios. Initial ratios can also be estimated by subtracting ingrown Pb if the Pb, uranium and thorium concentrations and the age of the sample are known. Additionally, if a deposit is very young (i.e. <100 Ma), ingrowth is generally not significant and the measured ratios approximate the initial ratios. This does not apply in Australia as virtually all deposits are older than 100 Ma.
As post-ore geological processes can introduce more radiogenic Pb, uranium and/or thorium or disturb isotopic values, the least radiogenic analyses (i.e., those with the lowest 206 Pb/ 204 Pb and 207 Pb/ 204 Pb) best reflect the characteristics of the ores and source rocks at the time of mineralisation. Hence, for deposits with multiple Pb isotope measurements, the least radiogenic values were chosen as the most representative of initial ratios at the time of mineralisation.
The third criterion used to select analyses was the precision of the analysis. Ore Pb isotope data has been collected in Australia for over fifty years with concomitant changes in analytical techniques and increased analytical precision. All analyses were identified as having high or low precision, based upon reported precision.
In most cases Pb-rich samples took precedence over all other analyses because in most cases these reflect initial ratios. If Pb-rich samples were not available, the least radiogenic Pb-poor analysis was used, particularly if U, Th and Pb concentrations and an age estimate allowed removal of ingrown Pb. For Pb-rich analyses, the least radiogenic analysis was chosen as later mineralising events can introduce new Pb or disturb ratios in existing samples. If low and high precision analyses were within error of each other, the high precision analysis was chosen.
The least-radiogenic Pb isotope dataset used to construct Pb isotope maps is presented in electronic Appendix A and is available as an Excel  workbook. The dataset includes identification and location information as well as descriptions of samples, the mineral analysed, measured isotopic ratios and U, Th and Pb abundances and derived parameters (see below). Metadata describing information in the dataset are presented in Table 1 . The full dataset will be released upon the completion of this study in mid-2020. 
Source of data Source (Y)
The source of the analysis is indicated in this column. Most analyses are from three datasets containing CSIRO data: CSIRO southeast Australia, CSIRO north Queensland and ISOTAS. Other sources are cited according to presentation in the literature. The citations are included as a separate worksheet in the workbook.
Construction of interpolated isotopic images
Once the representative least-radiogenic analyses were determined, three parameters -μ ( 238 U/ 204 Pb), κ ( 232 Th/ 238 U) and ω ( 232 Th/ 204 Pb) -were calculated iteratively for each deposit or occurrence using the Stacey and Kramers (1975) Pb evolution model and using a starting point of 3.7
Ga. This evolution model was chosen as it is the most widely used internationally. Although the values of the parameters will change if other models are used (e.g. Cumming and Richard, 1975) , the relative differences in the parameters are preserved (i.e. if sample A has a higher μ than sample B using the Stacey and Kramers (1975) model, it will also have a higher μ using the Cumming and Richards (1975) model or any other evolution model). It is important that only one evolution model is used to determine μ, κ, ω and other parameters as mixing of models will produce spurious results. This allows direct comparison of samples independent of age, something not possible using the simple ratios.
Once μ, κ and ω were calculated, we used the interpolation approach of Champion (2013) . Gridding was performed in ArcMap™ using Natural Neighbour Interpolation, displayed with intervals based on Natural Breaks (Jenks), that is, display intervals determined by the software. A ten-fold classification was used fro display. The natural breaks techniques used by that software follows the Jenks optimisation method, also known as the goodness of variance fit, which identifies thresholds (identified intervals) which optimise (i.e., minimise) the sum of squared deviations of interval means. Slocum et al. (2009) have discussed the relative merits of different data classification procedures. ASCII grids for μ, κ and ω interpolations are available as separate downloads.
Results
Images showing variations in μ, κ and ω are shown in Figures 1, 2 and 3 , respectively. These images should be considered preliminary as additional analyses from recently collected samples (over the last year) will be added once available. These additional samples were collected to infill gaps in the existing coverage (see maps), although it was not possible to obtain samples for all data gaps. Final release of new images and data, along with a discussion of their geological significance, will be in mid-2020. 
Figure 1 Preliminary map showing variations in μ (

Interpretation
A full interpretation of the new Pb isotope maps will be provided once all data is available (anticipated mid-2020). For guides on interpreting the current preliminary images the reader is referred to Huston et al. (2016 Huston et al. ( , 2017 .
